Objective: Insulin resistance (IR) and metabolic disorders are common in polycystic ovary syndrome (PCOS). However, it is still not clear which adiposity marker could precisely predict metabolic syndrome (MetS) in women with PCOS and whether these indexes are different in normo-ovulatory non-hirsute women. Design: A case-control study was conducted on a total of 175 Iranian subjects with PCOS and 525 normal control subjects, aged 18-45 years. Methods: Waist circumference (WC), BMI, waist-to-hip ratio, lipid accumulation product (LAP) index, and visceral adiposity index (VAI) were examined and the homeostasis model assessment index was calculated. MetS was defined according to the joint interim statement. The receiver operating characteristic curves were used to evaluate the extent to which measures of adiposity can predict IR and MetS risk. Results: LAP index and VAI are two indicators (sensitivity and PPV of 70% (LAP index) and 60% (VAI), and 80% (LAP index) and 83% (VAI) respectively) that best predict IR in women with PCOS. Among healthy women, the LAP index and WC were better markers (sensitivity and PPV of 78% (LAP index) and 75% (VAI), and 82% (LAP index) and 81% (VAI) respectively). The two most reliable indicators for prediction of MetS among PCOS and normal women were the WC and VAI (sensitivity and PPV of 83% (WC) and 81% (VAI), and 97% (WC) and 95% (VAI) respectively) and the VAI and LAP index (sensitivity and PPV of 88% (VAI) and 83% (LAP index), and 98% (VAI) and 98% (LAP index) respectively) respectively. Conclusions: While the appropriate adiposity indicators and their optimum cutoff values vary in women with PCOS, compared with the normal control subjects, the LAP index is an easily obtainable index that might be useful for screening of cardiometabolic complications among both groups.
Introduction
Polycystic ovary syndrome (PCOS), a disorder characterized by ovulatory dysfunction and hyperandrogenism (HA), is the most prevalent endocrinopathy in women of reproductive age. PCOS is also considered a metabolic disorder, as insulin resistance (IR), an independent risk factor for cardiovascular disease (CVD), and central body fat accumulation independent of obesity are the common features in these patients (1) . demonstrated that IR is increased in women with PCOS (4), which could possibly expose these women to further metabolic disturbances (5, 6) .
There is uncertainty regarding the association between PCOS and obesity, and it seems that in an unselected population this association might be minimal (7) . Furthermore, it is still not clear as to which of the various simple and complex adiposity indexes could precisely predict the metabolic disturbances (8, 9, 10) and whether these indexes are different in women with PCOS compared with normoovulatory non-hirsute women (8) . It has been shown that the BMI cannot be efficiently used to precisely predict CVD risk (11, 12) . In comparison with the BMI, other indicators of central adiposity, such as the WC, have more capacity to predict obesity-related cardiovascular risk and have been used as a criterion for clinical diagnosis of MetS (13) . Although the WC has been reported to be more closely correlated with the amount of abdominal fat in comparison with the waist-to-hip ratio (WHR) (14) , the WHR is also widely used to investigate the relations between abdominal fat and metabolic profiles (15) . Several other complex indicators have been reported for better assessment of cardiometabolic risks, with various results (16, 17) .
Although there are some studies that reported a similarity between cardiovascular risk assessments in all reproductiveage women, regardless of their PCOS status (18) , others demonstrated a difference in the metabolic risk assessment of women with PCOS compared with their normo-ovulatory counterparts (6, 19) . In a study by Amato et al. (9) , the visceral adiposity index (VAI) was introduced as a measure associated with cardiovascular risk in both normal subjects and those with PCOS, and Wiltgen et al. (20) reported the lipid accumulation product (LAP) index as an accepted discriminator of IR among women with PCOS and healthy women.
Considering the lack of population-based studies and the lack of consensus on the best predictor of cardiometabolic risks in women with PCOS in comparison to normal populations, this study aimed to compare the validity of various available indicators on data derived from a geographically diverse group of women with PCOS -participants of a large population-based study.
Subjects and methods
This study was approved by the ethical review board of the Research Institute for Endocrine Sciences and informed consent was obtained from all participants. Subjects of this study included individuals from two large populationbased studies conducted in five provinces of different geographic regions of Iran, the first study (21) including 1126 women aged 18-45 years living in urban areas of Ghazvin, Kermanshah, Golestan, and Hormozgan, and the second study included 646 reproductive-age women (18-45 years) living in urban areas of Khuzestan province (22) ; study protocols and the main investigator (F R T) were the same for both of them. Menopausal women, those who had undergone hysterectomy or bilateral oophorectomy, and pregnant women were excluded. We further excluded those women who had hyperprolactinemia and thyroid dysfunction, women with only androgen excess, women with only ovulatory dysfunction, and women with only polycystic ovaries (PCOs). Finally, the remaining participants (nZ700) were divided into two study groups as follows: PCOS (nZ175) by Rotterdam criteria (23) and healthy control subjects (nZ525). The details of the study protocol have been published previously (21) .
Assays
All participants underwent clinical examinations, where body weight, height, waist and hip circumferences, and blood pressure were measured by the trained staff. Height and weight were measured with subjects in light clothes and without shoes, using a standard apparatus. Weight was measured to the nearest 0.1 kg on a calibrated beam scale. The height and WC were measured to the nearest 0.5 cm with a measuring tape. Waist was measured midway between the lower rib margin and the iliac crest at the end of a gentle expiration. BMI was calculated as the weight in kilograms divided by the height in meters squared (kg/m 2 ). For biochemical and hormonal measurements, overnight fasting blood samples after 12 h were taken from each subject on the second or third day of their spontaneous or progesterone-induced menstrual cycles. Blood samples were collected in EDTA-treated test tubes. Plasma was separated in a refrigerated centrifuge at 1560 g for 10 min and sera were stored at K80 8C until tested. Fasting plasma glucose (FPG) was measured using an enzymatic colorimetric method with glucose oxidase.
Lipid measurements including total cholesterol (TC), triglycerides (TGs), and HDL-C were obtained using commercial assay kits (Pars Azmoon, Inc., Tehran, Iran). TC and TGs were assayed using enzymatic colorimetric tests with cholesterol esterase and cholesterol oxidase, and glycerol phosphate oxidase respectively. HDL-C was measured after precipitation of the apolipoprotein B containing lipoproteins with phosphotungstic acid. All samples were analyzed when internal quality control met the acceptable criteria. Insulin was assessed by ImmunoEnzyme Metric Assay (IEMA; Mercodia, Uppsala, Sweden). DHEAS and total testosterone (TT) were measured by enzyme immune assay (Diagnostic Biochem Canada Co., ON, Canada). Sex hormone-binding globulin (SHBG) was measured by IEMA (Diagnostic Biochem Canada Co.). All ELISAs were performed using a Sunrise ELISA reader (Tecan Co., Salzburg, Austria). Leutinizing hormone (LH) and follicle-stimulating hormone (FSH) were measured by IRMA (Izotop, Budapest, Hungary) using a gamma counter (Wallac Wizard, Turku, Finland). The free androgen index (FAI) was calculated using the formula (TT (nmol/l)! 100/SHBG (nmol/l)). The intra-and inter-assay coefficient of variation (CV) values were 2.5 and 3.2% for TC, 2.2 and 2.3% for TGs, 5.6 and 6.6% for TT, 5.1 and 6.8% for DHEAS, 1.2 and 5.7% for SHBG, 3 and 5.8% for LH, and 3.5 and 4.0% for FSH respectively.
All of the ever married study subjects (82%) were invited for transvaginal ultrasound scans and never married (18%) for transabdominal ultrasound scans of the ovaries, which were performed using the 3.5-MHz transabdominal and 5-MHz transvaginal transducer by an experienced sonographer in each province and all scans were assessed by a single sonographer. Ultrasound was performed on the same day as the blood samples were collected.
Definitions
MetS was defined, according to the joint interim statement (JIS) (24) , as the presence of any three of the following five risk factors: i) abdominal obesity defined by a WC of 91 cm according to the population and country-specific cutoff point for Iranian women (25) ; ii) FPG of 100 mg/dl or drug treatment; iii) fasting TGs of 150 mg/dl or drug treatment; iv) fasting HDL-C !50 mg/dl in women or drug treatment; and v) raised blood pressure defined as systolic blood pressure (SBP) of 130 mmHg, diastolic blood pressure (DBP) of 85 mmHg, or antihypertensive drug treatment.
The biochemical hyperandrogenemia was defined using the upper 95th percentile for the normal women who were not on any hormonal medication and had no clinical evidence of HA, oligo/anovulation (ANOVU), or PCOs. These values were 5.47 and 0.88 ng/ml for the FAI and TT respectively.
In this study, PCOS was defined according to the Rotterdam (Rott) criteria as the presence of two or more of the following risk factors: oligo/amenorrhea, clinical and/or biochemical HA, and PCOs (23) . Brief description of each of these criteria has been reported previously (21, 26) . These women with PCOS were further subdivided into three sub where TG concentration and HDL concentration were expressed in mmol/l.
Statistical analysis
The Statistical Package for Social Sciences SPSS version 21 was used for data analysis. Baseline characteristics are expressed as the meanGS.D. and median (IQ 25-75) as appropriate. The normality of distribution for quantitative data was assessed by the Kolmogorov-Smirnov test. Differences between groups were compared by one-way ANOVA test, followed by post hoc test for multiple comparisons (after testing for the equality of variance using the Levene test).
The receiver operating characteristic (ROC) curves were generated for five previously reported adiposity indicators (24, 25) . Sensitivity (SS), specificity (SP), area under curve (AUC), and positive and negative predictive values (PPV and NPV) were calculated for the markers. The optimal values for SS and SP were identified as the ones that keep (1KSS) 2
C(1KSP)
2 at the minimum (29) and the Youden index at the maximum (30) . The value of P!0.05 was considered statistically significant.
Results
In this study, women with PCOS were older (31G7.6 vs 27.6G5.5 years), had a higher BMI (26.1G5.1 vs 24.7G4.6 kg/m 2 ), and had a greater WC (83.1G11.8 vs 78.3G10.9 cm) than control subjects (P!0.001). The demographic, anthropometric, and metabolic features of study subjects including 175 with PCOS, which were WHR, waist-to-hip ratio; WC, waist circumference; VAI, visceral adiposity index; LAP, lipid accumulation product.
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171:2subdivided into three phenotypes, and 525 normal control subjects are presented in Table 1 . Except the ANOVUC HAGPCO subgroup, subjects with PCOS had no statistically significant difference in lipid and glucose profiles in comparison with the normal control subjects. Although MetS was more prevalent in women with PCOS, it was not statistically significant ( Table 1 ). The prevalence of IR in ANOVUCHAGPCO, HACPCO, and ANOVUCPCO were 40, 33, and 36% respectively; they were significantly more than that observed in normal women (19%, P!0.001; Table 1 ).
In women with PCOS, there was a strong significant correlation between TG level with VAI and LAP index (P value: 0.001, r: 0.9 and P value: 0.001, r: 0.8 respectively); a high correlation was also observed between HDL-C level and VAI (P value: 0.001, r: K0.6). In control subjects, we observed a statistically significant correlation between TGs with VAI and LAP index (P value: 0.001, r: 0.8 and P value: 0.001, r: 0.8 respectively). The correlation between HDL-C level and VAI was also statistically significant (P value: 0.001, r: K0.5). Although the correlation between hormonal values and anthropometric or metabolic indexes was significant, their CV values were low (results not shown).
The ROC curve for participants with PCOS showed that the optimal cutoff values for different adiposity markers in predicting IR were as follows: BMI, 26.1 kg/m 2 ; WC, 79.5 cm; WHR, 0.8; LAP index, 33.8;
and VAI, 1.8 (Fig. 1A) ; these values for control women were 25.6 kg/m 2 , 83.5 cm, 0.79, 34.7, and 1.6 respectively (Fig. 1B) . Table 2 demonstrated the SS, SP, PPV, NPV, and optimum value of different indexes for prediction of IR among women with PCOS and control women. Among these various indicators, the LAP index was the optimum marker with a SS of 70%, SP of 60%, PPV of 80%, and NPV of 46% in women with PCOS. Comparing the ROC curves, we found that the WC and VAI had the most AUC (0.67 and 0.66 respectively) and LAP index had the highest SS (0.7) in women with PCOS ( Table 2 ). The results revealed that, in healthy control subjects, the LAP index and VAI were better predictors of IR (AUC of 0.64 and 0.63 respectively) and the LAP index and WC had the highest SS (0.78 and 0.75 respectively) ( Table 2 ). Figure 2A shows the ROC analysis of adiposity markers in predicting MetS in women with PCOS. (Fig. 2B ). Among women with PCOS, we found that the WC and LAP index had the most AUC (0.85 and 0.83 respectively) and the WC and VAI had the highest SS (0.83 and 0.81 respectively) for prediction of MetS (Table 3 ). The results revealed that, in healthy control subjects, the VAI and LAP index were better predictors of MetS (AUC of 0.89 and 0.86 respectively) and the VAI and WC had the highest SS (0.88 and 0.87 respectively).
Discussion
In a large population-based study, we demonstrated that the LAP index R33.8 and the VAI R1.8 are two indicators (sensitivity and PPV of 70% (LAP index) and 60% (VAI), and 80% (LAP index) and 83% (VAI) respectively) that best predict IR in women with PCOS. Among normoovulatory non-hirsute women, the two most reliable indicators were the LAP index and WC that had the optimum sensitivity of 78% and 75% and PPV of 82% and 81% respectively and were significantly correlated with our gold standard in cases with PCOS. The mean values of the WC and LAP index in women with PCOS that predict MetS was 89.5 cm and 38 respectively; they were more than those obtained in normal women (88.5 and 36.9 respectively). The reported prevalence of obesity in women with PCOS is highly variable (31) and is limited by the lack of representative population-based data (32) . Furthermore, it appears that the type of adiposity in women with PCOS varies from that of their normal counterparts (33, 34, 35, 36) and women with PCOS have a greater tendency to accumulate fat in the upper body when compared with control subjects matched for weight or BMI (33, 37) ; this effect could also be present even in lean women with PCOS (33, 38) . Although lean women with PCOS are not necessarily more insulin resistant than healthy control subjects, a high BMI could exacerbate this condition in all women (39, 40, 41) .
It has been demonstrated that central adiposity is associated with more severe metabolic complications (33, 34, 35) and several markers have been introduced for the precise assessment of adiposity. However, it is not clear whether there is any difference between the most appropriate adiposity indexes of women with PCOS and the normo-ovulatory non-hirsute women (8) . Several efforts have been made to compare the optimum obesity marker for women with PCOS with normal control subjects (8, 9, 10) , but the majority of these studies are based on the measurements performed in women with PCOS referred to clinics (42, 43, 44, 45, 46) , which may not yield reliable estimations. In addition to small samples, these studies are restricted by the lack of comparison of various available adiposity markers. However, the population-based design of our study enables us to overcome the possible limitations of previous studies.
Several studies have been conducted to evaluate the prevalence of MetS in women with PCOS (6, 9, 47); our results contrast with some other studies (6, 19) and demonstrated no significant increased prevalence of MetS in women with PCOS. It appears that in a population-based study on PCOS, the metabolic disturbances are not as severe as those observed in clinical or hospital-based studies, mainly due to the inclusion of those milder phenotypes of PCOS that are possibly not referred to the clinics. In this study, in agreement with other studies (47, 48) , we observed that women with various PCOS phenotypes, especially those with more severe types (ANOVUCHAG PCO), had a higher IR prevalence than control subjects; however, this prevalence was much lower than in American women with PCOS (37 vs 64%) (49) .
Several pathogenesis are contributing to IR in PCOS (50) . It has been shown that IR in women with PCOS may be due to androgen exposure at critical periods or has occurred because of intrauterine growth restriction (50); genetic disruption of insulin signaling in the brain is another mechanism that may have an important role in both ovulation and regulation of body weight (51) .
Among the available adiposity complex indicators, the LAP index and VAI give promising results for the prediction of the cardiometabolic events in both normal women and those with PCOS (9, 20) . The LAP index expresses both (16) reported that the LAP index value is a more reliable indicator, compared with the BMI, in prediction of metabolic disturbances. However, some reports are inconsistent with our results; for instance, Wildman et al. (54) found the WC and BMI to be the same in CVD prediction of normal subjects, or Vazquez et al. (55) reported a close ability of the BMI, WHR, and WC in the prediction of type 2 diabetes. Apart from the different diagnostic criteria used for MetS or PCOS, these discrepancies could also be attributed to genetic factors, lifestyle characteristics, and dietary habits. Another contributing factor can be the lower BMI of our subjects with PCOS in comparison with those of other studies. Finally, the method of recruitment of subjects with PCOS and control subjects can seriously influence the estimates of MetS prevalence.
Although it is confirmed that IR has a key role in the reproductive and metabolic disturbances of patients with PCOS (1), its diagnosis is still a challenge. The gold standard of the euglycemic hyperinsulinemic clamping method is expensive and time-consuming, and in the same way the indexes that depend on FPG are not easily accessible. Therefore, the markers mentioned herein may serve as easy, inexpensive, accurate, and sensitive tools in non-clinical settings.
This study has a number of strengths; the main one is a community-based sample instead of recruitment from a referral center. In addition, we used national cutoff points of the HOMA-IR for the definition of IR. However, a potential limitation that needs to be mentioned is that we used the HOMA-IR as a surrogate marker for assessing IR (6) . In spite of a good correlation between the HOMA-IR and the gold standard clamp methods (19, 27) , it might be inaccurate in PCOS (56) . Furthermore, our study has a drawback that we did not have adequate power to subanalyze our data in order to compare the adiposity indexes of different phenotypes of women with PCOS.
Overall, the appropriate adiposity indicators and their optimum cutoff values vary in women with PCOS compared with the normo-ovulatory women with no androgen excess. The LAP index is an easily obtainable index that might be useful for screening of cardiometabolic complications among both these groups of women, but with different threshold levels.
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